Abscisic acid (ABA) levels in 3-mm apical root segments of slowly droughted sunflower plants (Helianthus annaus L. cv Russian Giant) were analyzed as the methyl ester by selected ion monitoring gas chromatogaphy-mass spectrometry using characteristic ions. An internal standard, hexadeuterated ABA (d6ABA) was used for quantitative analysis. Sunflower seedlings, grown in aeroponic chambers, were slowly droughted over a 7-day period. Drought stress increased ABA levels in the root tips at 24, 72, and 168 hour sample times. Control plants had 57 to 106 nanograms per gram ABA dry weight in the root tips (leaf water potential, -0.35 to -OA2 megapascals). The greatest increase in ABA, about 20-fold, was found after 72 hours of drought (leaf water potential, -1.34 to -1A7 megapascals). Levels of ABA also increased (about 7-to 54-fold) in 3-mm apical root segments which were excised and then allowed to dessicate for 1 hour at room temperature.
Apart from its widely recognized role as an agent of stomatal closure, ABA may have other roles to play in the adaptation of plants to drought stress (8, 17) . The observations that ABA levels increase in the roots of water-stressed plants (7, 11, 12, 19, 22) and that this increase does not depend on transport from the shoot (19, 22) are particularly provocative. Here, any action of ABA would not directly involve stomatal closure.
There is evidence for the involvement of ABA in some drought-associated developmental responses; several studies (5, 9, 18, 23) have reported that the effects of exogenously applied ABA on plant development show similarities to the effects of water stress. Barlow and Pilet (1) have shown that exogenously applied ABA reduces cell division and DNA synthesis in the root apical meristem of corn. Ciamprova and Luxova (3) noted structural changes in the root apices of water-stressed maize plants. Earlier studies with sunflower seedlings found that drought stress inhibited root growth (5) and increased ABA levels in the root tissue (5, 7) . Changes in the anatomy of the root apices accompanied reduced growth in the droughted seedlings; moreover, the application of ABA (10 Mm) also inhibited root growth and induced anatomical changes at the root apices similar to those induced by drought (5) .
These observations suggest that the increases in ABA levels in droughted sunflower roots (7) may directly affect growth and development at the root apex where the developmental pattern ofthe root unfolds. We report, herein, drought-induced increases in the amounts of endogenous ABA in the apical 3 mm of sunflower roots; this region includes the apical meristem proper and its immediate derivatives, the primary meristems and the root cap. The method used for analysis of ABA was selected ion monitoring GC-MS with an internal standard of d6ABA2'3 for quantification (20 Therefore, a constant amount, about 150 ng ofd6ABA, was used in each extract. This was accomplished by making an approximate dilution from which a constant volume was taken for each extract. Endogenous ABA levels were quantified from a standard curve, which established the ratio of the base ion (m/z 194) peak height of the constant amount of d6ABA to the base ion (m/z 190) peak height of precisely known quantities ofauthentic ABA (Sigma grade iv). The The advantage of the internal standard technique is that it allows for the trace analysis of ABA from very small amounts of tissue (20) . The fact that quantitation is accomplished from a ratio greatly reduces error from calculating losses and from machine variability. Variability between samples was about + 3% based on repeated injections of known standards. Endogenous ABA levels showed an increase with drought at (Table I ).
RESULTS
In the second experiment, where excised root tips were allowed to dessicate at room temperature, the increases relative to controls were remarkable: up to about 50 times control levels (Table  II) . Control 14) . The effects may be concentration related; in lower concentration, ABA may promote growth (15, 23) . In sunflower seedlings, ABA (10 MM) inhibits overall root growth (5) and extension (J. M. Robertson, unpublished data). Other studies show that exogenously applied ABA will affect developmental processes at the root apex (1, 5) .
In most cases, water stress reduces root growth (3, 5, 7, 16, 23) , although mild stress can increase extension (4, 21, 23) . This is thought (4, 21) to be the result of an osmoregulation process which preferentially maintains root growth during periods of water stress. It is unlikely, however, that vigorous root growth could continue under severe or prolonged drought; osmoregulation places a high carbon demand on the shoot (13) , and this demand would likely become prohibitive with higher levels of stress. As mentioned above, ABA inhibits root growth at higher concentrations, but may promote growth at lower concentrations. Controlling root growth through changes in the endogenous levels of ABA may provide the plant with a mechanism to balance the need for expansion of the root system in droughty soils with the restrictions placed upon it by reduced carbon supplies from the shoot. If so, then increasing ABA levels at the root apices could act as an adaptive mechanism which serves to optimize available reserves within a changing environment.
If changes in ABA levels at the root apex do indeed serve to regulate root development during periods of drought stress, then it would seem that the root apex, including the apical meristem and its immediate derivatives, has the capacity to perceive and respond directly to the stress (Table II) .
To date, the evidence that ABA acts as a developmental regulator of drought adaptive responses is slight. It would be rash to expect that variations in the levels ofone plant hormone could account for all developmental changes in droughted sunflower roots; yet, large increases in ABA at the root apices are almost certain to affect root growth and development. We are currently engaged in comparative studies on the effects of drought and ABA on the root apical meristem.
